Two corn-soy rations formulated to provide normal ME (2,890 kcal/kg) or reduced ME (2,805 kcal/kg) were combined in a factorial arrangement with or without enzyme (Avizyme 1500) supplementation (ES). These rations were fed for a 15-wk period to 2 strains of Single Comb White Leghorn hens (SCWL) [Babcock B-300 (B) and Hy-Line W-36 (H)] beginning at 25 wk of age.
etary energy value is the highest of all cereals [1] . Cornstarch was at one time thought to have a high digestibility in birds (>80%), but McNab and Shannon [3] reported a relative digestibility for true carbohydrate of 87.2% for maize (corn) and 65.9% digestibility for available carbohydrate by poultry. This suggests that a significant portion of cornstarch might reach the hindgut and undergo fermentative breakdown, resulting in poor metabolic use. Soybean meal is known for its value as a protein source in poultry diets but can have a high degree of variability in its nutritional content. This variability is found not only in the protein and amino acid composition but also among the antinutritional factors such as trypsin inhibitors and lectins. Several attempts have been made to increase the nutritional value of soybean meal by adding protease and carbohydrases either before or after processing [4, 5] . Previous work on enzyme treatment of soybean meal during processing has demonstrated opportunities of using proteases to degrade trypsin inhibitors and lectins [2] . Subsequent trials have confirmed these effects and have shown improvements in protein digestibility when soybeans are pretreated with protease [2] . Improvements in energy digestibility of soybean meal in broilers due to the supplementation of α-galactosidase enzymes have also been recently documented [6, 7] .
There are 2 main approaches when considering incorporation of enzymes into corn-soybean meal type poultry rations. The simplest is "over the top" addition to an existing formulation to achieve economic improvements in layer performance. The second approach is to change the feed formulation to reduce the nutrient content of feed "specified down" and then add enzymes to restore the nutritional value of the feed. Theoretically, this approach results in performance similar to a typical feed formulation [2] . Zanella et al. [8] demonstrated equal performance in broilers when diets were formulated with an assigned energy value to Avizyme 1500 compared with diets with typical levels of ME (specified down formulation). The objective of the present study was to test the effectiveness of Avizyme 1500 supplementation (xylanase, protease, and amylase) in standard corn-soybean meal rations formulated at normal diet ME levels (over the top) or at reduced ME levels (specified down) in 2 strains of Single Comb White Leghorn (SCWL) laying hens. Factors examined were hen performance, egg components, and nutrient retention.
MATERIALS AND METHODS

Experimental Design
Two corn-soybean meal rations were formulated, one to produce a normal level of ME (2,890 kcal/kg) and the other with a reduced level of ME (2,805 kcal/kg). Each ration was supplemented with or without Avizyme 1500 and fed to 2 strains of SCWL hens (Babcock B-300 [9] and Hy-Line W-36 [10] ) in a factorial arrangement (dietary ME, enzyme supplement, and strain of hen) resulting in a total of 8 experimental treatments. Each treatment was assigned to 5 replicate cages with 5 hens per cage (412 cm 2 /bird) for a total of 40 cages. The experimental unit was the multiple-bird cage. Hens were fed the experimental diet for a 15-wk period beginning at 25 wk of age and continuing to 40 wk of age. This trial was conducted in an environmentally controlled room that was continuously maintained at 26°C.
Diets
The experimental diets were formulated to meet National Research Council [11] nutrient requirements of laying hens, in particular the recommendations for phase I of the 2 strains used in the experiment. However, the reduced-ME diets were formulated to have an energy content (in kcal/kg) that was 3% below the NRC recommendations (Table 1) . Diets were formulated to be isonitrogenous and equal in essential amino acids, calcium, and phosphorus. The supplement used in this experiment, Avizyme 1500, is a microbial multienzyme produced by Trichoderma and Bacillus and contains a minimum of 1,000 units of xylanase/g, 4,000 units of protease/g, and 2,000 units of α-amylase/g (activity determined by the manufacturer). The supplement was provided by Finnfeeds International [12] and was incorporated into the feed formulations at a rate of 0.075%.
Measurements
Hen Parameters. Egg production (EP) was determined each day and was calculated on a henday basis. Hens were given ad libitum access to 105 g of feed per hen each day; unconsumed feed was measured each morning. All hens were individually weighed every 3 wk, and a cage average was calculated. Feed conversion (FC) was calculated as the ratio of grams of feed to grams of egg produced per hen-day.
Egg Parameters. Eggs were saved 1 d each week to measure egg weight and specific gravity. Egg mass was calculated as a factor of egg weight and hen-day EP. One egg per cage was used to determine Haugh unit values [13] weekly. Biweekly, 2 eggs per pen were saved to determine [16] .
Gut Viscosity and Nutrient Retention
At 35 wk of age, hens were fed chromium oxide (0.03%) marked feed for 5 d, and on the fifth day approximately 400 g of clean excreta (free of feed and visible feather contaminants) was collected from each replicate cage to determine nutrient retention (calcium, phosphorus, nitrogen, and AME) [17] in addition to ileal nutrient digestibilities. For the ileal contents collection, one hen from each pen was euthanized by cervical dislocation; the intestinal tract was removed, and the contents of the tract from Meckel's diverticulum to the ileal-cecal-colonic junction were collected to determine digesta supernatant viscosity. Approximately 1.5 g of homogenized chyme sample were collected, immediately placed in a microcentrifuge tube, and centrifuged at 12,700 × g for 5 min for determination of viscosity. Viscosity was directly measured on 0.5 mL of supernatant using a Brookfield viscometer [22] . Three readings were taken, and the average was calculated for statistical analysis. Viscosity was expressed in centipoise units (cP). Statistical analysis is described in the References and Notes Section of this manuscript [23] .
RESULTS AND DISCUSSION
Strain of hen was the only factor to significantly affect feed consumption (Table 2) , with the Babcock B-300 consuming 3.7 g more feed per day than the Hy-Line W-36 (P < 0.01). Level of dietary ME and enzyme supplementation (ES) did not affect feed consumption significantly in either strain. These results are similar to those obtained by other researchers [25, 26] , who also found no significant influence of ES on feed con-sumption (P > 0.05). The findings in this study do not support the common theory that hens will respond to a lower diet ME with increased intake to meet their energy needs [9, 10] . Environment should not have been a factor during the trial because temperature was controlled, and the experimental treatments were assigned in blocks taking into account block error.
Strain and energy level significantly affected feed conversion (P < 0.0001 and P < 0.01, respectively). Hy-Line W-36 hens had the best efficiency at 1.86 compared with 1.95 for Babcock strain. The normal ME diet (Table 2) improved feed conversion by 5 points (from 1.93 to 1.88) compared with the reduced ME ration. ES did not affect feed conversion, contrary to reports by other researchers [8, 26] who have reported beneficial effects of ES on feed conversion.
A 3-way interaction of strain × dietary ME × enzyme was significant for average hen-day EP (P < 0.05). The EP by Babcock B-300 hens fed the normal ME ration improved with ES, whereas EP by the Hy-Line W-36 strain improved with ES of the reduced ME diet. Hy-Line W-36 hens had an overall higher production rate of 91.0% compared with 87.2% for the Babcock strain (P < 0.0005). The strain differences observed here would indicate Babcock B-300 hens need ES "over the top," whereas the Hy-Line W-36 hens had the most improvement when enzymes were added to a "specified down" diet.
Babcock B-300 hens showed a significant body weight gain during the experiment period compared with the Hy-Line hens (89.0 g vs. 34.4 g; P < 0.05). Dietary ME level and ES did not affect body weight gain. Improvement in body weight gain of layers fed ES diets has been previously reported [27] .
Strain significantly affected egg weight during this trial (P < 0.0001); Babcock B-300 hens produced heavier eggs (60.0 g) compared with the Hy-Line W-36 hens (58.0 g) ( Table 3) . A strain × ME interaction was also observed for egg weight (P < 0.0005). Hy-Line W-36 hens had heavier eggs when fed the reduced ME diet compared with the normal ME diet (a difference of 0.9 g), whereas Babcock B-300 hens had heavier eggs when fed the normal ME diet (1.8-g difference). There was no effect of ES on egg weight during this trial. Other authors [26] have also reported a lack of effect of ES on average egg weight. Egg mass (a function of egg weight and rate of EP) was not affected by any of the dietary treatments.
Strain of hen had a significant effect (P < 0.0001) on specific gravity (Table 3) . Eggs produced by the Babcock B-300 hens had greater specific gravity than those laid by Hy-Line W-36 hens. Eggs from Hy-Line W-36 hens had a higher Haugh unit compared with eggs from Babcock B-300 hens (80.3 vs. 77.2; P < 0.05). A strain × ME interaction showed a significant (P < 0.07) effect on Haugh units with Hy-Line W-36 eggs having greater values when laid by hens fed the normal ME ration, whereas Babcock B-300 hens had higher values when fed the reduced ME formulation. ES had no effect on Haugh units (Table 3) .
Percentages of egg albumen did not differ significantly among the various diets or strains (Table 4) . Yolk percentage increased in eggs from hens fed the reduced ME compared with normal ME diet (26.1 vs. 25.4; P < 0.05). Babcock B-300 eggs had a greater percentage yolk than eggs from the Hy-Line W-36 hens (26.1 vs. 25.4; P < 0.05). Percentage yolk solids were also affected by strain of hen, being greater in eggs from the Babcock B-300 (13.5) vs. Hy-Line W-36 eggs (13.0) (P < 0.01). The strain effects on egg components are in agreement with a study by Marion and Edwards [28] in which the proportion of albumen, yolk, and shell were significantly different among 3 strains of White Leghorn hens.
Wet shell percentage showed a significant strain × ME × enzyme interaction at P < 0.05 (Table 4) ; eggs produced by Babcock B-300 hens on the reduced ME diet with ES had a greater wet shell percentage than those on the reduced ME diet without enzyme. Dry shell percentage, however, was only affected by strain of hen (P < 0.005) with Babcock B-300 eggs having 9.9% dry shell compared with 9.5% for the Hy-Line W-36 eggs (Table 4) .
Egg yolk color measurements are shown in Table 5 . The lightness (L*) values showed only a slight effect of strain with Hy-Line W-36 eggs having a lower value than Babcock B-300 eggs (56.5 vs. 57.0; P < 0.08). In comparison, the redness (a*) values showed a significant strain × ME interaction (P < 0.05). Egg yolks from Babcock B-300 had less redness when laid by hens fed the normal ME rations. Yellowness (b*) values showed significant effects of enzyme addition (P < 0.01), strain (P < 0.03), and strain × ME interaction (P < 0.05). The ES decreased yellowness values; yolks from Babcock B-300 hens were more yellow when fed the normal ME diet, whereas yolks from Hy-Line W-36 hens had greater (b*) values on the reduced ME diet (Table  5) . Roche color fan scores were significantly affected by energy level of the rations (P < 0.001) and by a strain × energy interaction effect (P > 0.05). Egg yolks from both strains had higher values when the layers were fed normal ME rations (Table 5 ). Basically, hens on the reduced ME diet (particularly Babcock B-300 hens) had lower Roche scores and degree of yellowness scores (b*), most likely due to lower levels of dietary corn and corn oil.
Gut viscosity measurements did not show any differences among the various diets or strains (Table 6). Other researchers [29] have reported highly significant reductions in digesta viscosity with enzyme inclusion in diets containing wheat. However, the findings of the present study are in agreement with those of Jaroni [30] , who found no improvement in intestinal viscosity with xylanase supplementation of diets containing wheat middlings. Marsman et al. [1] also reported that chime viscosity was not altered by addition of enzymes (protease and carbohydrase) to soybean meal.
Enzyme supplementation had a significant positive effect on nitrogen retention (P < 0.03) with an increase of nearly 3% (Table 6 ). Other researchers [1] have reported an increase in apparent digestibility of crude protein associated with protease. Cone et al. [31] suggested that xylanase treatment improves nitrogen solubility in soybean meal by causing cell-wall degradation, leading to CONCLUSIONS AND APPLICATIONS 1 . Strain of hen had the most significant effect on EP parameters, with the Babcock B-300 hens consuming more feed and producing fewer but larger eggs than the Hy-Line W-36 hens. 2. Strain affected hen response to ME level of the diet and ES. The Babcock B-300 hens responded more positively to "over the top" ES of the normal ME diet. Hy-Line W-36 hens responded more positively to ES of the reduced ME diet. 3. Enzyme supplementation improved some apparent nutrient retention (nitrogen, protein, and calcium).
release of proteins as well as by some proteolytic activity in the crude enzyme preparation. Energy level of the diet (ME) had a significant effect on nitrogen retention; normal ME diets showed better protein use than reduced ME diets (53.0 vs. 47.4%). Excreta calcium retention was significantly (P < 0.001) affected by ES, which increased from 29.7 to 44.7% with ES (Table 6 ). Strain and dietary ME had no effect on calcium or phosphorus retention. Wyatt [32] postulated that cell wall disruption and the release of cell-bound nutrients might be the mechanism of improvement in digestibility values associated with addition of feed enzymes.
Enzyme addition had an adverse effect on phosphorus retention (P < 0.003), showing a decrease compared with diets having no ES (Table  6 ). An enzyme × ME interaction was also significant (P < 0.007), and hens on the unsupplemented normal ME diet showed higher levels of phosphorus retention compared with hens on the reduced ME diets. Calcium and phosphorus are very closely related; a deficiency or an excess of one will interfere with the proper use of the other.
Dietary energy levels had the only significant effect on AME (Table 6) ; AME was higher for hens fed the normal ME diet than for those on the reduced ME diet (3,095.9 vs. 2,949.2; P < 0.001). The difference between the 2 diets was greater (146.7 kcal) for determined AME than calculated for TME (85 kcal). ES did not improve AME in excreta or ileum, contrary to the results found for mature roosters by other researchers [33] . Friesen et al. [34] also reported that ES increases AME; however, chicks were used in that study.
